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Summary: 


Simultaneous measurements were made of heat production (HP), heart rate, 
and body and skin temperatures of a white-tailed doe during the months 

of October, February, and April. Where comparable data was available 
from an experiment conducted in June, results were included in data 
analysis. Body temperature, in February, averaged slightly lower than 
the overall mean of 37.6 C. Difference was not significant when instru- 
mental error was considered. Body temperature was significantly higher 
lying than when standing, and higher in the daytime than at night 
(P4601): Influence of air temperature on body temperature was variable 
depending partly on the time of year. Within the ambient temperature 
range of 0 to 25 C, however, body temperatures were below average, re- 
gardless of season. Body temperatures at both ends of the ambient tem- 
perature range (-19.1 to 34.2 C) were significantly higher than the mean 
body temperature at air temperatures between 0 and 25. Metabolic capacity 
to maintain body temperature was not exceeded at -19.1 when the deer was 
in the poorest condition for the year and in winter coat. Body and skin 
temperatures increased and decreased together, and in the opposite 
direction to air temperature except near 25 C. Heart rate and HP showed 
a direct year ‘round relationship; correlation was greater at low chamber 
temperatures. Heart rate measured in June was 2.25 times as high as in 
February. It was highest in summer, lowest in mid-winter, and inter- 
mediate in spring and fall, following the trend of fasting metabolic rate 
previously reported on this project. Low heart rate, associated with 
greater time spent lying at low temperature, was apparently compensated 
by increased heart rate due to metabolic activity; disregarding body 
position, mean heart rate was almost the same for temperatures below and 
above 0. 


Activity varied between seasons and according to day and night, but this 
variation appeared to be more associated with air temperatures than with 
seasonal or diurnal rhythm. Correlation of HP and air temperature was 
less than that between HP and heart rate. Air temperature had the least 
effect on HP in February. Correlation coefficients for April and Octo- 
ber were very similar (-.850 and -.841, respectively). 
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Summary, contd.: 


When HP was plotted against air temperature, the graph showed no 
indication of a thermoneutral zone; the lowest rates of HP were recorded 
for the highest chamber temperatures during all experiments. Heat dis- 
tribution, or failure to reach a steady state until near the end of the 
period of measurement, may have been factors in the failure of HP to 
follow the conventional pattern within a given experiment. Changes in 
body position appear to be an efficient aid to regulating body tempera- 
ture. The effort of standing did not increase HP sufficiently to offset 
increased heat losses resultant on this position. 


The relationship between HP in deer and air temperature is less simple 
than for species which undergo less radical seasonal changes. Energy needs 
cannot be predicted from a knowledge of ambient temperature without taking 
into account these changes. Heart rate, over the range of ambient tempera- 
tures covered, was influenced by the same factors as HP; direct measurements 
of heart rate therefore reflect energy needs, and show promise as a method 
of estimating requirements of free-ranging deer if due consideration is 


given to season of measurement and perhaps other factors as yet not defined. 
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Background: 


Measurements of heart rate and body and skin temperature of deer by 
means of telemetry were a continuation of work begun in the project seg- 
ment ending June 30, 1969. Simultaneous measurement of heat production 
was initiated during the segment covered by this report. 


Objectives: 


To measure physiological parameters and/or activity of deer by means 
of telemetry with the objective of determining their relation to energy 
requirements. To make simultaneous measurements of heat production. 


Procedures: 


Two types of frequency-modulated transmitters were implanted in a 
white-tailed doe for measuring heart rate, body temperature, and skin 
temperature as reported in Job Completion Report W-51=R-3, Job 8. Skin 
temperature units were installed just under the skin in one rump; body 
temperature units were implanted between deep muscle layers on the 
opposite rump. EKG (heart rate) units were implanted over the sternum 
just behind the leg. 
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V. 


Procedures, contd.: 


The following changes in the telemetry system were made during this 
segment; 


EKG Unit: A new circuit (Fig. 1), which is simpler and smaller, was 
designed. Operating life was extended to about four months when four 
batteries are used. The external antenna wire was replaced by one which 
is totally encapsulated, and which provides more reliable reception. 
Diodes were used to prevent early battery discharge. The new units were 
made thinner to reduce irritation which had been a problem with earlier 
Ucs. 


Temperature Pulser: A new temperature pulser (Fig. 1) increased 
operational life to about 10 months compared to the previous two to three 
weeks. 


External Transmitter: Work was started on a system to allow external 
attachment of a larger transmitter which will pick up signals from im- 
planted units and re-transmit them over longer distances. 


Measurements of Physiological Parameters and Heat Production: Three 


experiments covering three seasons of the year: fall (October); winter 
(February); and spring (April) were successfully completed. All were 
conducted in the variable-temperature respiration chamber used in 
earlier experiments. Subject was a white-tailed doe between the ages of 
One and two years; weight ranged from 50.0 kg in October to 41.3 kg in 
April. Heat production was measured simultaneously with heart rate, and 
skin and body temperatures. The deer was fasted in the chamber for 60 
hours prior to measurement. 


The experiments were conducted over a total time of three days each 
in October and February, and for four days in April. Each day was di- 
vided into a 12-hour standard ''day'' and ''night''. These coincided with 
natural days and nights except that no attempt was made to simulate 
actual hours of: daylight. Lights were on in the chamber during the day 
and off at night. Level of chamber temperature was increased or de- 
creased at the beginning of each 12-hour period; lower chamber tempera- 
tures were chosen for night measurements as being more representative 
of natural conditions. 


Average HP was calculated for each 12-hour period and expressed on 
a 24-hour basis. Body temperature and heart rate were automatically 
recorded for one minute out of each hour in October, and for one minute 
out of each half-hour in February and April. Position of the animal 
(standing or lying) was observed and recorded on the charts at each 
recording of heart rate and body temperature. 


Percent of time standing was used as the index of activity. Skin 
temperature measurements were obtained only for the April experiment 
because of failure of the skin temperature units during other experi- 
ments. For purposes of data analysis, values obtained during a June 
1969 experiment and previously reported were included where appropriate. 
No measurements of HP were made during the June test, and the chamber 
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Procedures, contd.: 


temperatures recorded were thermostat settings rather than the mean of 
hourly or half=hourly recordings so that June chamber temperatures were 
not comparable to those of the latter experiments. 


One additional experiment on feed was completed in April, but because 
of failure of all temperature units only HP and heart rate data were ob- 
tained (see Job Comp]. Rept. W-51-R-4, Job 7). Regression curves shown in 
the figures were fitted by least squares. 


Findings: 


Heart rate and body temperature fluctuated almost constantly between 
recordings, with two successive identical values seldom observed. Fig. 2 
shows a preliminary graph of typical telemetry data. 


Body Temperature: Mean body temperatures for June and April were 
nearly 0.3 C higher than for February (Table 1). Differences between all 
monthly means and the overall mean were statistically significant (P4.01). 
Four different transmitters were used, and in considering whether an 
actual seasonal difference may exist. it is necessary to take into account 
the accuracy of the units (£ 0.1 C). When instrumental error is included, 
differences of means were not significant. Year 'round, homeothermy ap- 
peared to be quite closely maintained. 


Body temperature was significantly higher in the daytime than at 
night, and significantly lower when standing than when lying (P4011) 
(Table 1). Body temperature was relatively independent of both heart 
rate and HP; correlation coefficients = .280 and .196, respectively. 


Influence of ambient temperature on body temperature was variable. 
For the combined data for October, February, and April body temperature 
was significantly higher than the overall mean for three 12-hour periods 
out of 20; in three other cases it was significantly lower than the mean 
(P<.01). High values corresponded to chamber temperatures of 25.3 - 4,3 
and -19.1; low values corresponded to chamber temperatures of 15.3, 8.0, 
and 0.1 C. In respect to the total chamber temperature range of -19.|1 
to 34.2 C, these appeared to be randomly distributed. Fig. 3, however, 
shows a pronounced tendency to low body temperature within the chamber 
temperature range of roughly 0 to 25 C, with higher body temperatures 
appearing both above 25 and below 0. All three significantly high body 
temperatures were observed outside this middle range of chamber tempera- 
tures; all three significantly low body temperatures were recorded within 
it. Differences between mean body temperatures above 25 and below 0 
(37.9 and 37.8, respectively) and mean body temperatures at air tempera- 
tures between 0 and 25 C (37.3) were highly significant. 


There was no consistent year ‘round relationship between body 
temperature and ambient temperature. In February, chamber temperature 
averaged -2.23 C; the deer was in winter coat, but had lost weight 
since October; HP was low; there was a low negative correlation (-.083) 
between body and air temperature. In April, average chamber temperature 
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Vi Findings, contd.: 

Table 1 = Body temperature (°C) of a white-tailed doe, aged 1-2 years. 
N Mean Std. Error 

June 163 37.69 zy & .0250 
October 139 Soles: Pe O00: 
Feb ruary 146 37.40 mee.0003 
April 162 37.67 2. 0497 
YEAR 'ROUND 610 37.56 = .0250 
Standing 198 whee + .0195 
Lying 362 37.74 + .0040 
Day 305 DE GES) = .0057 
Night 261 37.43 ~ .0040 
Above 25 C (air temp.) 8 375715 Soe 9 

25 -0C : 6 Cesc) =, 67 
Below 0 C 5 37.940 095 


Coefficients of Correlation: (Based on Oct., Feb., & Apr. Experiments) 


Body Temp. (overall): Heat Prod. Res. $1.96 
Body Temp. (overall): Heart Rate R = .280 
Body Temp. (overall): Air Temp. R =-.097 
Body Temp. (by month and individual 
experiment) : 
Body Temp. Chamber Temp. 
ELS) 34,2 
yids 30.4 
37.6 October 26.0 
Sy ie 23:7 
Bae 20 42 
37.4 14.6 
Meani==3/ 253 Meani= 24.85 R = .830 
3740 18.4 
Sih esles 8.0 
37.3 February 0.7 
3735 = 54 
i fete) -17.6 
37.4 -17.8 
Mean = 37.40 Mean == 2.23 R =-.083 
38.3% bia. S) 
36.4% Loe 
36.9% 0.1 
37.8 April 2087 
Spas - 1.1 
38. 3% = 
CH IES, -15.0 
38.2% -19.1 
Mean = 37.67 Mean = 0.06 R =-.281 


* Statistically significant 
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Rimicings,.. contd .: 


Table 3 - Relationship of heart rate to activity”, posture, season, 
time of day, HP, air temperature, and body temperature. 


Mean Percent Time Standing 
N HR SEG. EKO F Day Night 
June LO3;ameyen C2) beta 0367 47.3 61.3 
October 13 9per les Ose aaea0 200 48.0 62.0 
February 1:2 ig P3270 0k let 0079 39.0 5.0 
April 146-9 150272 etire.0328 52.0 9.5 
YEAR 'ROUND iy 24a, 55, OG 22 34.45 46.50 
Standing 190 62/7 sal AT 
Lying 382 48.62 +0.19 (Above 0 50%) of 
Day 297 60 00 ar abated (Below 0 t27,) total 
Night bie AG ay 3108 
Coefficients of Correlation: (Based on Oct., Feb., & Apr. Experiments) 
Heart Rate: Heat Prod. R 
October 634 
February .900 
April 2970 
Overall 898 
Heart Rate: Air Temp. -.021 
Heart Rate: Body Temp. . 280 
Heart Rate: Activity 449 


———————=—€_—sa——_——_=—={*=={[{={[{anaan_a=—ms>=>EaEe>e>==—e=_—>=Ee=—E=]ay—[>=S—==>=>S=>E>eae ___—__—_—>=E=E>|_|=|=a»an»n»nananananma]ya{amaaS|=_—e——_——_—_—_ 
“ percent time standing 


was 0.06; the deer was in the poorest coat and at minimum weight; HP was 
higher than in February; correlation between body and air temperatures 
was -.282. In October, with the deer in prime condition, and the average 
chamber temperature high (24.85), there was a rather high positive cor- 
relation between body and air temperatures (.830). Overall correlation 
was less than -.10 (Table 1). 


The finding of negative correlation at low ambient temperatures and 
positive correlation at high ambient temperatures was in accord with data 
described above: i.e., body temperature tended to rise with increasing 
ambient temperature at the high end of the scale, and in cold environ- 
ments tended to rise as air temperatures decreased. The latter 
phenomenon was contradictory to the expectation that body temperatures 
would fall at low ambient temperatures as metabolic capacity became 
insufficient to produce the heat needed to offset cold. At some 
environmental temperature, heat regulating mechanisms must fail with a 
consequent drop in body temperature; this point was not reached under 
conditions of our experiments at an air temperature of -19.1. At this 
lowest chamber temperature reached, body temperature (38.2 C) was sig- 
nificantly higher than the mean (Pe O19 Steady temperature approaching 
-20 C for a period of 12 hours is well beyond anything that can be ex- 
pected in April under New Hampshire weather conditions. 
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Prucings, coOntdu: 


Changes in body and skin temperature at varying chamber temperature 
levels, recorded only for the April experiment, are shown in Table 2. 
Body and skin temperatures were in phase except when chamber temperature 
was reduced from 25.3 to -4.3 C, when body temperature remained unchanged 
as chamber temperature decreased. Changes in chamber temperature were in 
the opposite direction to changes in body and skin temperature except for 
points affected by the chamber temperature of 25.3 (Table 2, Fig. 4). 
Below 25 C, the difference between skin temperature and body temperature 
decreased with decreasing air temperature; when the chamber temperature 
was reduced from 25.3 C to -4.3 C, however, the difference between skin 
and body temperatures increased. 


Correlation between body and skin temperatures was somewhat higher 
when lying than when standing (Fig. 5). The effect of chamber tempera- 
ture on body and skin temperature standing and lying is shown in Fig. 6. 


Heart Rate: Heart rate and heat production showed the most consis- 
tent, direct relationship of any two traits. Overall correlation was 
.898 (Table 3, Fig. 7). Correlation was higher at low ambient tempera- 


tures: in February and April, when chamber temperatures fell to -17.8 
and -19.1, respectively, corresponding coefficients of correlation were 
.900 and .970; in October, when chamber temperature did not fall below 
14.6, correlation was much lower (.634). Fernandéz Carmona (1969) re- 


ported similar results with goats. 


Mean heart rates by months (Table 3) include values obtained in 
June 1969. All were significantly different from the overall mean 


(P Move The trend was the same as found for fasting heat production 
reported by Silver et al. (1969), being highest in summer, lowest in 
mid-winter, and intermediate in spring and fall. Heart rate measured 


in June was 2.25 times as high as in February. 


The combined data showed no consistent relationship between heart 
rate and ambient temperature (Fig. 8). Overall correlation was only 
.021. The influence of air temperature on heart rate varied with season: 
correlation coefficients for October, February, and April were .224, 
.530, and .871, respectively. For example, in April - at a chamber tem- 
perature of -19.C, mean heart rate was 66.6; in February, at a chamber 
temperature of -17.8, heart rate was only 36.0. 


Heart rate was significantly higher when standing than when lying, 
and significantly higher in the daytime than at night (P <.01), (Table 3.) 
The deer spent a smaller proportion of time standing when air tempera- 
tures were low: 12 percent at air temperatures below O C. compared to 
50 percent when the air temperature was above 0. Low heart rate, which 
invariably was associated with lying, must have been compensated by in- 
creased heart rate resulting from increased metabolic activity at low 
temperatures; the mean heart rate at chamber temperatures below O (44.7) 
was nearly the same as at chamber temperatures from 0 to 34.2 (45.8) and 
for the chamber temperature range of 0 to 125 C, over which body tempera- 
tures were minimum (45.3) (Fig. 8). 
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Fig. 4 Body, Skin & Chamber Temperatures in The Order Obtained 
Compared to % Time Standing 7 
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Mean = 44.8 (Overall) 
Mean Below O0= 44-7 
Mean Above 0= 45.8 
Mean O To 25=45.3 
Mean Above 25=44.| 
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Fig. 8 RELATIONSHIP OF HEART RATE TO AIR TEMPERATURE. 
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View cindi ngs, scontd: 


Activity: Total activity, as measured by percent of time standing, 
ranged from 17 percent in February to 55 percent in October (Fig. 9). 
Over the year, the deer spent 34 percent of the time standing during the 
daytime, and 46 percent of the time standing at night. In February and 
April, however, when night temperatures were low, she stood only 5.0 and 
9.5 percent of the time, respectively (Table 3). In June and October, 
when ¢hamber temperatures did not fall below 0 C at any time, the deer 
stood over 60 percent of the nighttime hours. Correlation between chamber 
temperature and time spent standing at night was rather high (.910), but 
very low during the day (.130) (Fig. 10). 


Ambient temperature rather than season or time of day appeared to 
have the strongest influence on activity. When air temperature was above 
0 C, the deer stood 50 percent of the total time in the chamber; when air 
temperature was below 0, she stood only 12 percent of the time (Table 3). 
Within a given experiment, chamber temperatures were invariably lower at 
night, and when night temperatures were above 0, percent of time standing 
at night (55 percent) was not greatly different from the proportion of 
total time spent standing at temperatures above 0. 


Heat Production: The general trend was toward increased HP with 
decreasing chamber temperatures (Table 4). For the combined data, 
correlation of HP and air temperature was only -.421, far below that of 
HP and heart rate (.898). Air temperature had the least effect on heat 
production in February, when the coefficient of correlation was -.59l. 
Correlation coefficients for October and April (-.850 and -.841, re- 
spectively) were nearly identical, but HP for roughly comparable chamber 
temperatures was very different. In October, for example, at a chamber 
temperature of 14.6, HP was 142.9 kcal/kg 75/24 HinSa a MAD chem at 
15.3 C, HP was only 98.1. Rate of HP measured in October at 14.6 C was 
only slightly lower than that measured in April at -15.0 (142.9 compared 
tomiee?.3). | 


The average increase in HP per degree drop in chamber temperature 
was 1.89 keal/kg9- 75/24 hrs. tmelctoberm@e2.27 inmgAprile spur only 0.39 
in February. 


Heat production plotted against chamber temperature (Fig. 11) 
showed no level spot indicative of a conventional zone of thermoneu- 
trality (range of air temperatures over which HP is a minimum and . 
relatively constant) such as reported for several species of wild 
animals by Scholander et al. (1950), Irving et al. (1955) and Hart et 
al. (1965). In all three experiments on the deer where HP was measured, 
minimum values were obtained at the highest chamber temperature. Only 
three usable values were obtained in October, and HP rose consistently 
at decreased chamber temperatures. In April and February, however, 
there were some points where HP did not follow this trend. Values for 
HP by months and corresponding chamber temperatures are shown in Fig.12 
in the order in which they were obtained. Chamber temperatures were 
alternated every 12 hours between relatively high and relatively low, 
and the changes were often large. Failure to follow a consistent 
pattern may have been due to heat distribution, or possible failure to 
reach a steady state until near the end of the 12-hour period. 
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Findings.) contd a 


Table 4 = Mean heat production and chamber temperatures for 12-hour 


periods. 
Month Chamber Temp HP (kcal/kg wo-75/2h hrs, 
October* Dae) P25) 
202 141.0 
14.6 142.9 
Feb ruary 18.4 96.4 
8.0 98 .0 
On, 1,1 O37 
=e a Ok 
-17.8 108.1 
April 2558 86.6 
5% 3 98 . | 
Ox 146.8 
=e el 123126 
ie? icra) 
-15.0 147.3 
-19.] Love 


Correlation coefficients: , 
Overall, —.421; Oct., -.850; Feb., -.991, Apr., -.841 
* HP measured for only 3 out of 6 periods 


Conclusions: 


Based on the limited number of experiments completed this segment, 
tentative conclusions are: 


1) Body temperature may average slightly lower in mid-winter than 
at other times of year. This difference, if one exists, is on 
the order of 0.1 or 0.2 C, and may result from generally re- 
duced physiological activity at this season. 


2) Body temperature is influenced by posture, which seems to offer 
an effective aid in conserving or dissipating heat as needed 
for regulation of body temperature. 


3) Correlation between body and air temperatures is negative at 
low air temperatures, and positive at high air temperatures. 
The degree of correlation varies with season, and is influenced 
by insulation and probably other factors. Body temperature 
tends to increase below 0 C and above 25 C regardless of other 
influences. 


4) Metabolic capacity to maintain body temperature is not exceeded 
at air temperatures near =20 C for a healthy adult deer which 
has sustained a weight loss of 17 percent. 


5) Body and skin temperatures increase and decrease together in 
accordance with changes in air temperature; to the point where 
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Conclusions, contd.: 


heat regulation must fail, changes in body and skin temperature 
are in the opposite direction to changes in air temperature 
below 25 C. 


There is apparently a consistent year ‘round relationship 
between heart rate and HP with correlation decreasing at higher 
environmental temperatures. Over a natural enviornmental 
temperature range, and under conditions of unrestricted activity, 
correlation is probably curvilinear. 


Heart rate is increased by both physical and metabolic activity, 
and appears to be influenced by the same factors as HP. Mean 
heart rate measured at frequent intervals over a 12- to 14-hour 
period may offer promise as a means of estimating heat production 
of free-ranging deer provided due consideration is given to the 
time of year measurements are made. Measurements of heart rate 
in summer, for example, would not provide estimates of energy 
requirements of winter deer. Greatest accuracy probably would 

be obtained in cold weather. 


Energy needs cannot be predicted from a knowledge of environ- 
mental temperature because the variable of heat dissipation is 
interposed between HP and body temperature. There is, thus, no 
consistent year 'round relationship between air temperature and HP 


Production of heat needed to maintain body temperature varies as 
the effect of air temperature on body temperature. The year 
'round relationship of HP and air temperature in deer is less 
simple than for species that undergo less radical seasonal 
changes and cannot be expressed by simple linear regression. It 
may be that instead of a conventional thermoneutral zone (zone 
of minimum HP), there is a range of air temperature representing 
thermoneutrality over which body temperature of deer is minimum 
while HP fluctuates according to season. If this is true, as the 
data suggests, in plotting a curve of thermoneutrality for deer, 
body temperature rather than HP must be used for the Y axis be- 
cause the immediate influence of air temperature is on body 
temperature rather than HP. 


The close relationship between heart rate and HP, coupled with 
the finding of a mean heart rate twice as high in summer as in 
winter, supports earlier findings (Silver et al. 1969, 1971) of 
higher metabolic rate in summer. 


Within the limitations imposed by test conditions, activity 
varies with season and time of day, but appears to be more in- 
fluenced by air temperatures than by seasonal or diurnal rhythm. 
Although behavior under natural conditions will differ greatly, 
environmental temperatures characteristic of season or time of 
day probably importantly influence rhythmic behavior. 
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Vill. Recommendations; 


1) Further experimentation is needed to confirm or refute findings 
during this segment. Experiments should be conducted at dif- 
ferent times of year and on feed as well as fasting in order to 
determine the effect of various levels of intake. 


2) Additional measurements of body temperature are needed at varying 
air temperature and at different seasons. Particular effort should 
be made to build up a larger sample of skin temperature measure- 
ments. Although we feel that changes in transmitter design will 
reduce of eliminate functional difficulties with the skin tempera- 
ture units, this needs extensive testing before work is undertaken 
with unrestrained deer. 


3) Percent of time standing is not a satisfactory criterion of 
activity. Its reciprocal, percent of time lying, obviously 
affects conclusions. Notations on data sheets show that, at low 
and ambient temperatures, lying frequently meant ''curled up'', and 
at high ambient temperatures it meant ''stretched out''. Such dif- 
ferences in posture are important in relation to heat exchange 
with the atmosphere. It #s suggested that in future experiments 
notations of ''lying!' shold be marked ''0'' or ''C!' for open or 
closed. This will not result in any great accuracy in determining 
the effect of position, but may result in some improvement until a 
better index can be worked out. 


4) Although measurement of heart rate offers possibilityes for 
directly estimating energy needs, the current approach should 
not be precipitously abandoned. Problems involved in measuring 
unconfined deer will be many, and equipment for measuring HP 
simul taneously with physiological parametersis not yet avail- 
able. Telemetry equipment will have to be refined, including 
extension of range and operating life; possible changes may be 
needed in placement of units. Surgical techniques involving the 
least risk and minimum disruption of normal activities of free- 
ranging deer will have to be tested. 


Present methods of capture and handling wild deer are less 
efficient than could be desired. Attempts to transfer research 
to the field would be better postponed until completion of 
further laboratory experiments, and imbtermedtaterwork with 
animals in outdoor enclosures. 


5) For greatest accuracy in estimating energy requirements, data 
are needed on blood flow, endocrine activity, and evaporative 
heat loss, but no such studies should be undertaken on this 
project unless unforseen opportunities for expansion arise. 
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